During an average 9.4 years of treatment, 624 women developed incident invasive cancer and 176 women died from cancer. There were no statistically significant effects of use of any antioxidant on total cancer incidence. Compared with the placebo group, the RRs were 1.11 (95% confidence interval [CI] = 0.95 to 1.30) in the vitamin C group, 0.93 (95% CI = 0.79 to 1.09) in the vitamin E group, and 1.00 (95% CI = 0.85 to 1.17) in the beta carotene group. Similarly, no effects of these antioxidants were observed on cancer mortality. Compared with the placebo group, the RRs were 1.28 (95% CI = 0.95 to 1.73) in the vitamin C group, 0.87 (95% CI = 0.65 to 1.17) in the vitamin E group, and 0.84 (95% CI = 0.62 to 1.13) in the beta carotene group. Duration and combined use of the three antioxidants also had no effect on cancer incidence and cancer death.
A large number of epidemiologic studies have suggested that a diet high in fruits, vegetables, and other foods derived from plants is associated with a lower risk of cancer ( 1 -8 ) . Antioxidant nutrients such as ascorbic acid, ␣ -tocopherol, and the carotenoids (eg, beta carotene) that are present in plant-derived foods may have a major preventive role against carcinogenesis ( 9 ) , and it has been suggested that they may suppress tumor cell growth and induce tumor cell apoptosis ( 10 -12 ) . Antioxidants also counterbalance the production of reactive oxygen species (ROS), which may cause oxidative damage to cells and modify cell growth regulatory pathways, leading to enhanced risk for carcinogenesis ( 13 -15 ) .
Over the past three decades, numerous clinical trials ( 16 -30 ) have evaluated the effi cacy of antioxidants and minerals, used singly or in various combinations, in the prevention of cancers and other chronic diseases. However, their fi ndings have been inconsistent, and results of most of them ( 16 -27 ) did not support a benefi t of vitamin or mineral supplements in primary cancer prevention. Several recent meta-analyses also showed no reduction in risk for cancer development with antioxidant vitamins or beta carotene, with the exception of a possible reduction in cancer
Background
Observational studies suggested that a diet high in fruits and vegetables, both of which are rich with antioxidants, may prevent cancer development. However, findings from randomized trials of the association between antioxidant use and cancer risk have been mostly negative.
Methods
From 8171 women who were randomly assigned in the Women's Antioxidant Cardiovascular Study, a double-blind, placebo-controlled 2 × 2 × 2 factorial trial of vitamin C (500 mg of ascorbic acid daily), natural-source vitamin E (600 IU of ␣ -tocopherol every other day), and beta carotene (50 mg every other day), 7627 women who were free of cancer before random assignment were selected for this study. Diagnoses and deaths from cancer at a specific site were confirmed by use of hospital reports and the National Death Index. Cox proportional hazards regression models were used to assess hazard ratios (represented as relative risks [RRs] ) of common cancers associated with use of antioxidants, either individually or in combination. Subgroup analyses were conducted to determine if duration of use modified the association of supplement use with cancer risk. All statistical tests were two-sided. mortality with selenium supplementation ( 31 -35 ) . The negative fi ndings may be attributable to the short exposure to interventions, with most trials lasting only 4 -6 years ( 36 ): because malignant cancer cells can take decades to develop, many trials may have been too short to demonstrate any benefi t ( 36 ) . Another possible explanation is that most trials have evaluated the effects of high doses of only one or two antioxidants ( 36 -39 ) , although experimental data have suggested that antioxidants act not only individually but also cooperatively to achieve optimal effects on cancer prevention. Moreover, heterogeneity of the study populations may have contributed to the divergence of the fi ndings, with the possibility that antioxidants could be benefi cial among populations more likely to experience oxidative stress ( 40 ) .
In this randomized factorial trial of an average 9 years of supplementation and follow-up among women at high risk of cardiovascular disease, we systematically evaluated the individual and combined effects of three antioxidant supplements, ascorbic acid, vitamin E, and beta carotene, in the primary prevention of cancer incidence and mortality.
Subjects and Methods

Study Design and Population
The Women's Antioxidant Cardiovascular Study (WACS) (ClinicalTrials.gov identifier NCT00000541) is a randomized, double-blind, placebo-controlled, 2 × 2 × 2 factorial trial evaluating the benefits and risks of synthetic vitamin C (500 mg of ascorbic acid daily), natural-source vitamin E (600 IU of ␣ -tocopherol every other day), and beta carotene (50 mg of Lurotin every other day) among women at high risk for cardiovascular disease (CVD). Vitamin C and beta carotene were supplied by BASF Corp (Wyandotte, MI) and vitamin E was supplied by (Cognis Corp, LaGrange, Il). Approximately 2 -3 years after random assignment to the antioxidant arms, a folic acid -vitamins B6 and B12 component was added to the trial, yielding a four-arm factorial trial. The WACS trial was approved by the Institutional Review Board of the Brigham and Women's Hospital (Boston, MA). The trial's independent Data and Safety Monitoring Board met annually to review the results. Written informed consent was obtained from all participants.
The design of the trial has been described in detail ( 41 , 42 ) . Briefl y, between September 1992 and May 1995, 53 788 women from a pool of more than 450 000 respondents to an invitation packet of the Women's Health Study ( 25 , 43 , 44 ) were considered likely to be eligible for the study and were sent the WACS invitational mailing. Women were considered to be eligible to participate in the WACS if they were at least 40 years of age; were postmenopausal or not intending to become pregnant; and had known CVD or at least three of the following cardiac risk factors: hypertension, high cholesterol level, diabetes, parental history of myocardial infarction, or obesity (ie, body mass index ≥ 30 kg/m 2 ). Women were excluded if they had a self-reported history of cancer (except nonmelanoma skin cancer) within the past 10 years, had active liver disease or cirrhosis, had chronic kidney failure, were current users of anticoagulants, or were unwilling to avoid out-ofstudy use of vitamins A, C, and E and beta carotene at intakes exceeding the recommended daily allowance during the trial.
Between June 1995 and October 1996, a total of 8171 women were randomly assigned according to a 2 × 2 × 2 factorial design. Results for the trial's primary endpoints of major cardiovascular events have been reported previously ( 42 ) . We excluded women from this analysis who reported having had a diagnosis of cancer (n = 544) more than 10 years ago because the etiologic factors for primary and recurrent cancer incidence are likely different ( 45 -47 ) . As a result, 7627 women (93.3%) free of cancer at enrollment were included in this analysis for the primary prevention of cancer incidence and mortality ( Figure 1 ). We had more than 90% power, with a two-sided test ( ␣ = .05), to detect the individual effect of vitamins C and E and beta carotene with a 30% reduction in the risk for total cancer incidence. Power to detect the individual effect of vitamins C and E and beta carotene with a 40% reduction in the risk for cancer death was more than 80%.
Study Treatment and Follow-up
After random assignment, participants received a supply of monthly calendar packs containing antioxidant supplements or placebo as well as follow-up questionnaires on compliance, potential adverse effects, occurrence of endpoints, and risk factors that were sent every 6 months for the first year and annually thereafter. Study treatment and endpoint ascertainment were continued in a blinded fashion through January 31, 2005, the scheduled end of the trial. In July 2006, follow-up and validation of reported endpoints were complete and morbidity and mortality follow-up were completed for 93% and more than 99% of subjects, respectively ( 42 ) .
Compliance for use of the three antioxidants has been reported elsewhere ( 42 ) . Compliance, defi ned as having taken at least two
CONTEXT AND CAVEATS
Prior knowledge
Although some observational studies suggest that a diet high in fruits and vegetables and thus antioxidants may be associated with a reduced risk of cancer, randomized trials have not supported this association.
Study design
Randomized controlled trial using a factorial design with hazard ratios from Cox regression models to compare intervention effects.
Contribution
This study, which was designed to have 80% power to detect a 30% reduction in the overall risk of cancer, suggests that long-term dietary supplementation with any combination of the antioxidants vitamin C, vitamin E, or beta carotene does not reduce the risk of cancer or the risk of dying from cancer.
Implications
There is no basis for a recommendation that individuals increase dietary levels of antioxidants as a means of reducing cancer risk.
Limitations
This study had very limited statistical power to investigate any effect of dietary antioxidants on the risk of specific cancers.
From the Editors
thirds of the study capsules, was 76% at 4 years and 68% at 8 years for each antioxidant. The average compliance throughout the trial was 73%. Outside use of the three antioxidant supplements for at least 4 d/mo was ranged from 2% to 13% at both 4 and 8 years and was not different between supplement and placebo groups. No statistically signifi cant difference in side effects between the supplement and placebo groups was observed ( 42 ) .
Endpoints
Women reported the occurrence of cancer through follow-up questionnaires, letters, or telephone calls. Deaths were reported by family members or postal authorities or through the National Death Index. For women who reported a diagnosis of cancer and for those who had died, we sought permission from participants or the next of kin if deceased to acquire medical records and pathology reports, which were then reviewed by the WACS Endpoints Committee of physicians blinded to the treatment assignment. Reports of cancer were confirmed with pathology or cytology reports (94%) or, when a pathology or cytology review was not conducted, cancer was confirmed by clinical and radiological or laboratory marker evidence (eg, elevated CA 125). The primary cancer outcome was any invasive cancer, excluding nonmelanoma skin cancer. Only confirmed cancer outcomes were included in the analysis.
Statistical Analysis
Analyses were conducted for the primary endpoint of total invasive as well as site-specific cancers. If a woman developed more than one primary cancer (excluding nonmelanoma skin cancer), the first following random assignment was used in these analyses.
We used Cox proportional hazards regression models to calculate hazard ratios (that were presented as relative risks [RRs] ) and 95% confi dence intervals (CIs). Models included main effect terms of the three antioxidants and age. Tests of proportionality of the relative risks over time were performed with an interaction term of treatment with the logarithm of time in the Cox models. The proportionality assumption was not violated for total invasive cancers ( P ≥ .11 for all three antioxidants) or cancer death ( P ≥ .26).
We additionally performed analyses of the multiplicative interactions among the three antioxidants with cancer incidence and mortality. We fi rst tested interactions between pairs of the three antioxidants in the models with adjustment for age and main effect terms of the three antioxidants. We also tested interactions among all three antioxidants in the model with adjustment for age, main effect terms of the three antioxidants, and interaction terms between any pairs of the three antioxidants. To evaluate whether duration of supplement use may affect the risk of cancer development, we also conducted subgroup analysis according to duration of supplementation (1 -5 and >5 years after random assignment). Moreover, we assessed the effect modifi cation by variables that may induce oxidative stress, including smoking status (never, past, and current), alcohol consumption (<15 g/d or <1 drink/d vs ≥ 15 g/d or ≥ 1 drink/d), and body mass index (BMI; <25 or ≥ 25 kg/m 2 ) ( 48 -50 ) , by use of multiplicative interaction terms between subgroup indicators and supplement assignment and testing for trends for ordinal subgroup categories.
To investigate the effect of compliance, we carried out a sensitivity analysis that censored women at the time when they stopped taking at least two thirds of their study medications, reported taking outside supplements containing study agents, or had missing compliance information. All statistical analyses were conducted by SAS version 9 (SAS Institute, Cary, NC), with a two-sided test with a threshold of .05 for statistical signifi cance.
Results
Baseline characteristics were similar between the supplement and placebo groups ( Table 1 ). The mean age (±SD) of all women (N = 7627) was 60.4 ± 8.8 years. Most of the participants were postmenopausal (77% or 5909 women) and overweight or obese (77% or 5848 women), and few (27% or 2067 women) reported having taken multivitamins at baseline. The average baseline intakes of antioxidants, assessed by a semiquantitative food frequency questionnaire in all women, including those of vitamins A, C, and E, were greater than the amounts recommended by the recommended daily allowance, according to the 2005 Dietary Guidelines ( 51 ). However, no statistically significant difference in baseline intakes of these antioxidants was observed between the supplement and placebo groups. The distribution of risk factors for cancers assessed at baseline including BMI, physical activity, current smoking, hormone therapy use, use of screening tests, and family history of cancer was similar in participants receiving supplements or placebo ( Table 1 ) . Approximately half of the participants in the supplement and placebo groups reported having used a nonsteroidal anti-inflammatory drug or aspirin during the past month (data not shown). The average duration of follow-up from random assignment to the end of the trial was 9.4 years (range = 8.3 -10.1 years).
Primary Cancer Incidence and Cancer Mortality
During the trial period, 624 women had a confirmed diagnosis of invasive cancer, excluding nonmelanoma skin cancer. The major sites of cancer were the breast (n = 257), lung (n = 74), and colorectum (n = 44, 31 colon and 13 rectum). The total number of cancer deaths was 176. There were no statistically significant effects of use of any antioxidant on total cancer incidence ( Table 2 ) . Compared with the placebo group, the RRs were 1.11 (95% CI = 0.95 to 1.30) in the vitamin C supplement group, 0.93 (95% CI = 0.79 to 1.09) in the vitamin E group, and 1.00 (95% CI = 0.85 to 1.17) in the beta carotene group. Similarly, no effects of these antioxidants were observed on cancer mortality ( Table 2 ) . Compared with the placebo group, the RRs were 1.28 (95% CI = 0.95 to 1.73) in the vitamin C group, 0.87 (95% CI = 0.65 to 1.17) in the vitamin E group, and 0.84 (95% CI = 0.62 to 1.13) in the beta carotene group. When evaluating site-specifi c cancers, we found that the vitamin E supplement group had a reduced (albeit not to a statistically signifi cant extent) risk for colorectal cancer development compared with the placebo group (RR = 0.63, 95% CI = 0.34 to 1.15, P = .13), due largely to a reduced risk of colon cancer (RR = 0.41, 95% CI = 0.10 to 0.89, P = .02). However, there was no statistically signifi cant association of vitamin E supplementation with rectal or other cancers. Beta carotene supplementation was associated with a reduced risk of incident non-Hodgkin lymphoma (RR = 0.46, 95% CI = 0.22 to 0.97, P = .04). There was no evidence that beta carotene had statistically signifi cant associations with the risk of other cancers. We also did not fi nd evidence for an association of vitamin C supplementation with reduced risk of any cancers. The vitamin C supplement group had a higher incidence rate for lung cancer (RR = 1.84, 95% CI = 1.14 to 2.97, P = .01) compared with the placebo group. The associations of the three antioxidants with the risk of breast tumors in situ were also not statistically significant (data not shown).
There were no statistically signifi cant interactions between pairs of the antioxidants or among all three antioxidants for total cancer incidence or death (see total years in Figure 2 ) , and no statistically signifi cant interactions were observed for specifi c cancers (data not shown). We conducted a sensitivity analysis by censoring * Hazard ratios are presented as relative risks (RRs) and 95% confidence intervals (CIs). † RR is the rate in the treatment group compared with the rate in the placebo group for each agent. ‡ Included cancers of the thyroid, melanoma, leukemia, kidney, and bladder, with the number of cases ranging between 10 and 20.
Hazard ratio women who did not meet our compliance criteria and found that the results were not appreciably changed for total cancer incidence or death (data not shown).
Duration of Antioxidant Supplementation
When separating the supplementation and follow-up time into two periods, the early (year 1 to year 5) and later (year 6 to year 10) periods of supplementation, we observed no statistically significant associations of the three antioxidants (taken singly or combined) with total cancer incidence or mortality for either period ( Figure 2 ). However, there was a nonstatistically significant increase for either period in cancer mortality in the vitamin C supplement group ( Figure 2 ).
Subgroup Analysis
We further evaluated whether the variables that may induce oxidative stress modified associations of the three antioxidants with total cancer incidence and cancer death. There was a modification by cigarette smoking on vitamin E supplementation and cancer mortality of borderline statistical significance ( P value for interaction = .08). Women in the vitamin E supplement group who currently smoked or had smoked in the past had lower rates of cancer death (for current smokers, RR = 0.80, 95% CI = 0.45 to 1.41; and for past smokers, RR = 0.62, 95% CI = 0.39 to 0.99), in contrast to those who never smoked (RR = 1.50, 95% CI = 0.87 to 2.57). In addition, women of normal BMI (<25 kg/m 2 ) in the vitamin C supplement group had marginally higher rates of cancer death (RR = 2.00, 95% CI = 1.12 to 3.58, P = .02) ( Table 3 ). However, there was no statistically significant effect of vitamin C on the risk of cancer death among women with high BMI ( ≥ 25 kg/m 2 ) ( Table 3 ). The effects of the three antioxidants on cancer mortality were not modified by alcohol consumption ( Table 3 ) . The modification by cigarette smoking, alcohol consumption, and BMI was also not statistically significant for the effects of the three antioxidants on total cancer incidence ( Table 3 ) .
Discussion
In this randomized trial of vitamins C and E and beta carotene supplementation among women at high risk for cardiovascular events, we observed no overall associations of the three antioxidant supplements, taken singly or combined, with total cancer incidence or mortality. Duration of supplementation also did not appear to alter the associations of these supplements with risk of cancer or mortality due to cancer.
In melanoma cells, vitamin C treatment effectively decreased the expression of cyclooxygenase-2 and type I insulin-like growth factor receptor, resulting in suppression of cell proliferation ( 10 ) . Treatment with antioxidants such as vitamin E and beta carotene was also shown to induce cell apoptosis in breast cancer cells by restoring transforming growth factor-␤ and Fas (or CD95) signaling pathways ( 11 ) or increasing the expression of peroxisome proliferatoractivated receptor gamma ( 12 ) . Antioxidants also counterbalance the production of ROS and thus prevent the harmful effects of these oxygen intermediates on cellular nucleic acids, lipids, and proteins ( 13 , 15 ) . Growth regulatory pathways that are involved in cell proliferation and apoptosis are sensitive to ROS, and these unavoidable byproducts of aerobic respiration may in some circumstances lead to inappropriate cell signaling and carcinogenesis ( 14 ) .
Previous observational studies that assessed the relationship between total intakes of antioxidant nutrients and cancer prevention have yielded inconsistent results. Several case -control studies have reported an inverse association between antioxidant intakes and cancer risk, but cohort studies have generally observed little association. A meta-analysis that reported risk reduction for esophageal and gastric cardia adenocarcinoma with higher intakes of vitamins E and C and beta carotene was based primarily on case -control studies ( 52 ) . Similarly, another meta-analysis concluded that vitamin C or beta carotene intakes were inversely associated with breast cancer risk, but the inverse association was mainly driven by case -control studies ( 6 ) . By contrast, other pooled analyses of prospective studies have not shown an association of vitamins E and C or beta carotene intakes with risk of incident cancers of the breast ( 53 ), colorectum ( 54 ), lung ( 55 ), or ovary ( 56 ) . Therefore, the cumulative data from observational studies offer limited, if any, support for an inverse association between antioxidant intakes and risk for cancer development.
Numerous randomized trials have also been conducted to investigate the effects of antioxidants in the prevention of cancers, but the fi ndings have been mostly disappointing ( 16 -27 ) . A metaanalysis that pooled data from 12 randomized trials of antioxidants and primary cancer prevention showed no reduction in risk for total cancer incidence with antioxidant supplementation (RR = 0.99, 95% CI = 0.94 to 1.04) ( 35 ) . With respect to individual types of antioxidants, the authors of this meta-analysis concluded that vitamin E did not reduce overall cancer (RR = 0.99, 95% CI = 0.94 to 1.04), but beta carotene supplementation was associated with a slight increase in cancer incidence (RR = 1.06, 95% CI = 1.00 to 1.12), with the increased risk mostly seen in smokers (RR = 1.10, 95% CI = 1.03 to 1.18) ( 35 ) . Similarly, meta-analyses of the association of antioxidants and minerals with incidence of cancer at specifi c sites indicated no benefi cial effects of antioxidants or minerals. Two meta-analyses ( 31 , 32 ) on incident gastrointestinal cancers found no statistically signifi cant effects of supplementation with beta carotene; vitamins A, C, and E; and selenium (alone or in combination) [from Bjelakovic et al. ( 31 ) , pooled RRs = 0.90, 95% CI = 0.77 to 1.05; and from Bjelakovic et al. ( 32 ) , pooled RRs = 0.94, 95% CI = 0.83 to 1.06]. Another meta-analysis of eight randomized trials also reported no statistically signifi cant effects of beta carotene; vitamins A, C, or E; or selenium supplements, alone or in combination, on the prevention of colorectal adenoma (pooled RR = 0.82, 95% CI = 0.60 to 1.1) ( 33 ). Consistent with these analyses, we also found no effects of vitamins C and E and beta carotene supplementation in reducing the risk for total cancer events. Systematic reviews of antioxidant trials also found no reduction in cancer mortality with antioxidant supplementation. The metaanalysis of 12 randomized trials of vitamin or mineral supplements described above reported no association between antioxidants and cancer mortality (pooled RR = 1.03, 95% CI = 0.92 to 1.15) ( 35 ) . Specifi cally, no reduction in cancer mortality was found with vitamin E (RR = 1.04, 95% CI = 0.94 to 1.04) or beta carotene (RR = 1.16, 95% CI = 0.98 to 1.37) supplementation ( 35 ) . However, a possible risk reduction in cancer mortality was observed for the * Hazard ratios are presented as relative risks (RRs) and 95% confidence intervals (CIs). † RR is the rate in the treatment group compared with the rate in the placebo group for each agent. ‡ Two-sided, based on the chi-square test for interaction.
mineral supplement selenium (RR = 0.78, 95% CI = 0.65 to 0.94) ( 35 ) . A pooled analysis of fi ve studies from the two Linxian trials (the Linxian General Population Trial and the Linxian Dysplasia Trial) also did not present strong evidence that vitamin C combined with molybdenum improves cancer survival (RR = 1.06, 95% CI = 0.92 to 1.21) ( 34 ). Two recent meta-analyses have concluded that there may be an increase in total mortality with increasing antioxidant use ( 31 , 57 ) . A review of 19 clinical trials reported a dose -response relationship between vitamin E and risk for total death ( 57 ) . A later review comprising 47 low-bias risk (high methodological quality) trials reported that supplementation with vitamin E or beta carotene increased total mortality (RR = 1.04, 95% CI = 1.01 to 1.07, and RR = 1.07, 95% CI = 1.02 to 1.11, respectively), but a modifi cation of risk estimates by dosage was evident only with beta carotene supplementation ( 58 ) . By contrast, supplementation with vitamin C did not infl uence total mortality ( 58 ) . In this population, we observed no association of supplementation with vitamin C or E or beta carotene with fatal cancer events.
A recent meta-analysis of four large randomized trials suggested that beta carotene supplementation may be associated with elevated lung cancer risk among current smokers (RR = 1.24, 95% CI = 1.10 to 1.39) but not among past smokers (RR = 1.10, 95% CI = 0.84 to 1.45) ( 59 ) . In our population with a low prevalence of smoking, we observed no effect of beta carotene on lung cancer. Nonetheless, we found that vitamin C was associated with an elevated risk for lung cancer incidence. Two previous trials of vitamin C combined with other antioxidants reported no effects on incidence of respiratory cancers ( 16 , 24 ) . The Linxian General Population Trial also reported no statistically signifi cant effect of vitamin C combined with molybdenum on lung cancer death (RR = 1.01, 95% CI = 0.73 to 1.39) ( 60 ) . In observational studies, no association between total vitamin C intake and lung cancer risk was reported in a pooled analysis of nine prospective studies (RR comparing the highest vs lowest quintile = 0.97, 95% CI = 0.78 to 1.22, P for trend = .82) ( 55 ) . It has been suggested that vitamin C may act as a pro-oxidant and promote oxidative damage to DNA when its local concentrations are high ( 61 , 62 ) . However, the overall evidence thus far suggests that there is no substantial oxidative DNA damage in humans who ingest high amounts of vitamin C ( 63 , 64 ) . Our results that indicate an association between vitamin C supplementation and lung cancer may be due to chance. Nevertheless, a possible increase in lung cancer risk among women with vitamin C supplementation warrants further investigation in analyses of data from other completed randomized trials.
In our trial, neither duration of treatment nor combination of the three antioxidant supplements had effects on overall fatal or nonfatal cancer events. Thus, our results are in agreement with the recent review of randomized trials indicating that total mortality was not affected by duration of supplementation and single or combined antioxidant regimens ( 58 ) .
Several other factors besides duration and the combination of supplements could affect the effi cacy of antioxidants. For instance, lifestyle behaviors may modify an individual's response, in terms of cancer risk, to antioxidant supplementation. Findings from the Linxian General Population Trial ( 65 ) , which showed a possible reduction in cancer incidence with vitamin and mineral supplementation in a poorly nourished population, suggest that antioxidant supplementation is most likely benefi cial for individuals who are low or defi cient for various nutrients. By contrast, most studies, including ours, were conducted among well-nourished populations that had suffi cient intakes of antioxidants ( 58 ) . In addition, there may be a sex-specifi c difference in the effect of antioxidants on cancer risk. In the Supplémentation en Vitamines et Minéraux Antioxydants (SUVIMAX) trial, antioxidant supplementation was associated with a lower cancer incidence in men, but not in women ( 16 ) . Although men in the SUVIMAX trial may have benefi ted from antioxidant supplements due to their lower baseline levels of antioxidants ( 16 ) , subsequent fi ndings of an inverse association between baseline serum antioxidant levels and total cancer incidence in men but not in women suggest that factors other than baseline antioxidant levels may play a role in mediating any effects on carcinogenesis ( 66 ) . Different antioxidant effects attributable to gender also could have contributed to the null results in trials conducted among female populations, including ours.
Limitations of the WACS trial include the lack of complete follow-up and compliance. However, when we conducted sensitivity analyses that excluded women who did not meet the compliance criteria, we observed no major changes in the results. Another limitation of this study is that it may not be appropriate to apply our results, obtained from a population at high risk for CVD, to the general population. Nevertheless, our results are mostly consistent with previous fi ndings from high-risk populations. We also had limited power to evaluate the combined effects of the three antioxidants on site-specifi c incident cancers. For example, there was less than 40% power to detect a 30% reduction in the risk for major site-specifi c cancers such as the breast, colorectum, or lung with supplementation with the three antioxidants. However, we have tested the combined effects on total cancer incidence with nearly 80% power for detection of the same magnitude of risk reduction and did not fi nd any statistically signifi cant effects resulting from the combined supplements. Finally, although this randomized trial of antioxidants is one of the few trials with long duration of treatment, it may still be of insuffi cient duration to assess effects on cancer incidence, given the long latency for cancer.
In conclusion, fi ndings from the WACS trial suggest that there are no overall benefi ts or risks of vitamins C and E and beta carotene supplementation in the primary prevention of total cancer incidence or cancer mortality.
